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Introduction
Materials and Methods
Growth Conditions
E. coli K-12 strain W3110 was diluted 500 fold into a 250 mL baffled flask containing 55-
mL of 20 mM  HOMOPIPES (pKa, 7.6) buffered medium and rotated at 225 rpm at 37ºC.  
Cultures were grown to an optical density at 600 nm of 0.2.  External pH was lowered to 5.5 with 
10 M HCl.  Four samples were taken for each of five biological replicates, corresponding to time 
0 (before HCl addition), and 1, 5, and 10 min. post HCl addition.
Total RNA Isolation and Quality Check
E. coli RNA was isolated using a 10% saturated phenol-ethanol solution (4, 5) and the 
Qiagen RNeasy kit.  RNA quantity and quality was assessed with a spectrophotometer and 1% 
agarose gel.
RNA Protect was previously used to protect RNA prior to extraction.  Due to problems with 
pellet formation in the protect, a 10% saturated phenol-ethanol solution was used.  
Escherichia coli are enteric bacteria that play 
a vital role in the gastrointestinal tract.  E. coli move 
from the stomach at pH 2.4 to the duodenum, where 
it is infiltrated with pancreatic juices at a basic pH.  
To permit survival, the cells must be able to quickly 
adapt to their new environments, which is done by 
upregulating genes advantageous for survival within 
the new environment, and downregulating genes no 
longer advantageous.
It has been widely studied that the gene 
expression of E. coli grown aerobically and 
anaerobically is dependent upon the pH of the 
extracellular environment in which they are grown (1, 
2).  However, few studies have focused on changes 
in gene expression due to intracellular pH shifts.  
When the pH of the external environment 
becomes more acidic, the internal pH immediately 
drops and slowly rises back to the initial internal pH 
over a time period of 5 minutes (3).  Determining 
genes that change expression based on the 
intracellular pH shift is of importance to medicine in 
the creation of drugs to combat problems caused by 
E. coli.  In our experiment we employ the microarray 
hybridization technique to look at the expression of 
all genes in the E. coli genome at one time in 
response to an acidic pH change in a time course 
study. 
Abstract
A microarray hybridization was used to look at the gene expression in Escherichia coli 
over a span of 10 minutes in response to an acid pH shift.  E. coli cells were grown at a pH of 
7.6 to an O.D. 600 of 0.2.  The pH was dropped to 5.5 with HCl and samples taken at 0, 1, 5, 
and 10 minutes post pH shift.  Cells from time points for five biological replicates were used in 
the microarray hybridization.  Data is being analyzed with the program D-chip.  Data analysis 
from the microarrays is in progress.  Preliminary analysis and Real Time-PCR is showing E. coli 
gene expression to change in response to the intracellular pH change. 
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Results and Discussion
Preliminary analysis of our time course data reveals that background noise, which can 
affect interpretation of gene expression data, is low (Table 1).  The mean percent call for the 
microarray chips determined by D-chip is 73.1%.  This suggests that the microarrays used in this 
experiment have detected 73.1% of the genes in the E. coli genome.
Preliminary analysis suggest hundreds of genes show the expression pattern of 
intracellular pH change.  carB encodes the large subunit of carbamoyl-phosphate synthetase, 
which can catalyze carbamyl phosphate synthesis from ammonia (6).  Plot of the time course 
carB expression reveals this gene to be induced and then repressed following the intracellular 
pH change (Figure 1).  This gene is not expressed in aerobic nor anaerobic conditions when E. 
coli are grown in 5.0 pH media (1,2).  dapB encodes a subunit of dihydrodipicolinate reductase 
used in lysine biosyntehsis (7).  dapB expression reveals this gene to be repressed and then 
induced following intracellular pH change (Figure 1).  This gene is expressed in anaerobic 
conditions (2), but not aerobic conditions when E. coli are grown in 5.0 pH media.   
Real time polymerase chain reaction (RT-PCR) analysis of the base-inducible gene cpxP
demonstrated gene repression and then induction, while that of acid-inducible yagU rose after 
acid induction and remained constant (Figure 2).  cpxP encodes for a periplasmic protein, and 
yagU encodes for a putative membrane bound protein.  Previous aerobic and anaerobic 
microarry studies have determined these genes to be highly expressed by E. coli grown in media 
of 5.0 pH.     
Biological 
Replicate
Time 
min)
Median Intensity 
(unnormalized) P call %
% Array 
outlier
% Single 
outlier
1
0 137 68.6 0.041 0.003
1 117 89.7 2.653 0.137
5 105 75.7 0.055 0.005
10 114 77.7 0.15 0.021
2
0 143 68.9 0.055 0.01
1 98 72.6 0.137 0.029
5 93 80.3 0.178 0.029
10 129 73 0.232 0.033
3
0 132 68.8 0.055 0.005
5 120 83.4 0.041 0.006
10 167 69 0.15 0.013
4
0 145 69.7 0.096 0.012
1 118 73.2 0.014 0.007
10 133 76.6 0.041 0.004
5
1 139 71.6 0.014 0.006
5 113 77.1 0.055 0.003
Mean 124.5 73.1 0.055 0.0085
cDNA Preparation
cDNA was synthesized from total RNA using standard protocols for AFX GeneChips. 
Purity of cDNA was assessed with nanodrop spectrophotometer.  2 U/ µg cDNA was fragmented 
using standard protocols with 1.2 U DnaseI (EpiCenter), and checked on 2% agarose 1X TBE 
gel.  Fragmented cDNA was end-terminus labeled with 1 mM Biotin-N6-ddATP (Enzo) and 20 U/ 
µL terminal deoxynucleotide transferase (NEB).
Microarray Hybridization
Biotin labeled cDNA was hybridized to the standard E. coli Gene Chip (Affymetrix) using 
standard protocols.  The chip was then scanned using a GC3000 and the data is currently being 
analyzed using the software D-chip.
Real Time- PCR
RNA time course samples (1 µg) were mixed with SYBR Green, RNase inhibitor, RT 
enzyme, DEPC H2O, F and R primers.  16S RNA was run simultaneously as a positive control.  
For all RNAs, reactions with no RT enzyme served as negative control.  
Table 1:  Microarray 
Hybridization Data Summary
Percent calls range from 68.6 to 
89.7%.  Array outliers range from 
0.014 to 2.653%.  Single outliers 
range from 0.003 to 0.137%.
Figure 1:  
Microarray 
analysis of carB 
and dapB gene 
expression over 
time in response 
to acid pH shift 
Biological replicates 
at each time point 
follow the same 
pattern.  dapB is 
repressed by 1 min 
post HCl addition, 
and then recovers 
by 5 min, while carB 
is induced by 1 min. 
and recovers by 10 
min post HCl 
addition. 
Figure 2:  Real 
Time PCR 
analysis of cpxP 
and yagU gene 
expression over 
time in response 
to acid pH shift 
cpxP is repressed 
by 1 minute post 
HCl addition, and 
partly recovers by 
10 minutes.  yagU is 
induced by acid, 
without significant 
expression change 
between 5 and 10 
minutes.  
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